Hydrogen produced by water splitting is a promising solution for a sustained economy from renewable energy sources. Proton exchange membrane (PEM) electrolysis is the utmost suitable technology for this purpose, although the quest for low cost, highly active and durable catalysts is persistent. Here we develop a nanostructured iridium catalyst after electrochemically leaching 
Introduction
Substantial effort has been dedicated for scaling up renewable energy production capabilities to address the climate issues related to environmental pollution. However, large-scale energy storage for balancing the intermittent electricity generated by wind turbines and solar panels is still a challenge. Hydrogen generation by proton exchange membrane (PEM) water electrolysis, is recently considered as a feasible technology to solve this problem thanks to its rapid response, compact design and wide range operation [1, 2] . However, high amount of scarce and expensive Ir is needed to catalyze the oxygen evolution reaction (OER), hindering the widespread commercialization of the PEM technology. Moreover, the OER reaction mostly dominates the entire energy losses due to its sluggish kinetics [3, 4] . Nevertheless, up to now, the exceptional OER properties of Ir-or IrRu-surface have not been fully understood due to its complexity [5] .
Iridium oxide (IrO 2 ), iridium ruthenium oxide (IrRuO 2 ) or the mixture of Ir and Ru oxides (IrO 2 -RuO 2 ) have been considered for decades as the state-of-the-art OER catalysts in acid electrolyte due to their superior catalytic activity and considerable stability [6] [7] [8] [9] [10] [11] . Kötz et al. reported that the stability of RuO 2 was significantly improved by admixture of IrO 2 , even small amounts (ca. 20%) could dramatically reduce the corrosion rate of RuO 2 . A hypothesis based on the electronic band mixing and shift in oxidation potentials was proposed to explain the stabilization mechanism [12] . It was suggested that the electrons available on IrO 2 sites are simultaneously shared with RuO 2 sites, thus preventing Ru from being oxidized to RuO 4 , which was identified as the main corrosion product of Ru during the O 2 evolution in acidic media [12, 13] .
In recent years, highly active electrochemically oxidized OER catalysts have been explored [10, 14, 15] . Markovic and coworkers reported an inverse relationship between activity and stability through investigating monometallic and bimetallic Ir-and Ru-oxides [16, 17] Ir showed the highest dissolution rate but not the highest OER activity [19] . The IrRu oxide developed by employing Ir surface segregation showed a four-times improved stability while keeping the same activity as the best commercial Ru-Ir alloy anode catalysts. It was attributed to the formation of a nano-segregated Ir-domain that balance the stability and activity of surface atoms [17] . Even though the large amount of efforts on investigating IrO 2 -RuO 2 systems since 1980s, there are no reports so far on electrochemical properties of nanostructured metallic Ir-Ru and the effect of leaching Ru from this system. In this context, Seitz et al. have recently developed a highly active and stable IrO x /SrIrO 3 OER catalyst by strontium leaching from SrIrO 3 thin film [20] .
In this study, we report a novel electrochemically oxidized electrocatalyst derived from Ru leaching in Ir 0.7 Ru 0.3 metal nanoparticles, Ir 0.7 Ru 0.3 O x (EC), for PEM electrolyzers, which shows superior activity and increased cell efficiency during ca. 400 h electrolyzer stack operation. The dissolution of unstable Ru led to an unparalleled OER activity of the remaining Ir-rich electrocatalyst compared to the classic thermally treated Ir 0.7 Ru 0.3 O 2 (TT). The enrichment with Ir was confirmed by ultra-high vacuum X-ray photoelectron spectroscopy (UHV-XPS), transmission electron microscopy (TEM) and energy-dispersive X-ray spectroscopy (EDS) on post-mortem membrane electrode assemblies (MEAs). By applying Near-Ambient Pressure Xray Photoelectron Spectroscopy (NAP-XPS) we show that during the OER Ru in Ir 0.7 Ru 0 . 3 
O x
Physical characterization of catalyst powders comparison, it shows the lowest overpotential for catalyzing OER, but is rather unstable with an activity peak at 1.491 V vs. RHE, which apparently results from Ru corrosion [28] . The activity peak position is slightly lower than the one reported by Reier et al. [29] . catalyst and surface IrO x formation, a suppression of the hydrogen absorption and evolution can be expected [8] . In addition, the Ir 0.7 Ru 0.3 O x (EC) sample exhibits an apparent larger capacitance than the TT, which in general reflects the electrode capacity for charge accumulation at the electrode/electrolyte interface [8] . This difference can be explained by the particle size difference between the EC and TT, leading to a higher electrode/electrolyte interface in the case of Ir 0.7 Ru 0.3 O x (EC).
XPS analysis of electrode samples
In order to investigate the long term stability of Ru components under water electrolysis conditions, membrane electrode assemblies (MEAs) were prepared by using both materials, Ir 0.7 Ru 0.3 O x EC and TT, as anode catalysts, followed by an electrochemical activation for 1 h at 1.4V and operation of 18 h at 1.6 V, which is in line with the upper potential limit of RDE measurements to simplify comparison. Post mortem analysis by using TEM and UHV-XPS were carried out afterwards and compared with the as-prepared electrodes. EDS analysis coupled with TEM in Figure S13 (see SI) indicates drop of the Ru contribution below the detection limit of ca. (TT) electrode showed a similar Ir/Ru ratio before and after operation. This outcome is in agreement with the XPS depth profiles depicted in Figure 3 . While in the EC sample before operation the Ir/Ru ratio is around 2, after 18h at 1.6 V it increases up to 8 for >50s sputtering (see Figure 3a) , i.e. a leaching of approximately 85% of Ru upon operation of the EC sample is unambiguously observed. The decreased Ir/Ru ratio for sputter times <50s indicates a slightly increased Ru concentration at the surface compared to bulk due to the segregation process.
In the case of the TT sample ( Figure 3b ) the Ir/Ru ratios are similar before and after operation.
While in the as-prepared sample an increased Ir surface concentration is observed, the sample after operation is even more homogeneous with an almost constant Ir/Ru ratio of 2-3.
The depth profiles in Figure 3 Apparently, the percentage of Ir-oxide does not change in the EC sample after operation. In both cases, an oxide dominated surface layer is observed. After sputtering times >100s the oxide fraction decreases below 10%.
In the TT sample the fraction of Ir-oxide is substantially higher than in the EC sample and, for long sputter times, increases from 20% to 30% after operation. Moreover, the surface Ir-oxide dominated layer is much thicker in the EC sample than in the TT material. Specifically, 10 times longer sputter times are needed for the TT sample compared to the EC sample to reduce the Iroxide fraction to values <50%. increasing. This can be explained by two possible reasons: i) either membrane thinning due to radical attack [36] ; or ii) an increase of the number of catalytically active sites. The most plausible interpretation is that the fast dissolution of Ru leads to surface roughening and thus increase in the number of active sites [16, 17, 37] . For a reliable conclusion on degradation effects of these materials, further investigation is required, which is ongoing. On the other hand, it is worth to mention that the dissolved Ru ions can be recovered by using ion exchange resin, which offers the possibility for Ru recycling in industry level. respectively. The surface O I-species and surface hydroxyls formation, which are highly active for catalyzing OER, are assumed to mainly contribute to the boosted OER activity [38] [39] [40] . The 
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